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@ The present invention provides a method for flavour con- 
trol of a protein hvdrolysate which comprises subjecting a 
selected proteinacious feedstock to a primary enzymatic hy- 
drolysis with a proteinase to provide a primary hvdrolysate in- 
cluding bittering substances, and subsequently subjecting said 
primary hvdrolysate to a secondary enzymatic hydrolysis with 
an extract containing aminopeptidase enzymes to convert the 
bittering substances at least to flavour-neutral substances. 

The conditions of the secondary hydrolysis can be adjust- 
ed to alter the flavour characteristic of the final product, such 
that cheese or meat flavours can be produced. 

Further processing in the presence of lipase and comesti- 
ble fat may be employed to produce parmesan or blue cheese 
flavours. 
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This invention relates to a method for the 
flavour control of protein hydrolysates from several 
sources, making use of enzymes to catalyse the 
hydrolysis. 

5 Hydrolysed proteins from a variety of sources 

find a number of uses in the food industry. For instance, 
they are commonly employed as a component in dehydrated 
soup mixes, as flavourings and in otherwise-processed 
foodstuffs. They also find medical uses as dietary 
lO supplements for patients suffering from a variety of 
diseases and metabolic disorders. 

Hydrolyses have been carried out using acids 
or enzymes, but many of the known processes exhibit 
considerable defects. For instance, acid hydrolysis 
15 can lead to breakdown of amino acids produced in the 

hydrolysis with a consequent loss of nutritional value. 

Enzymatic hydrolysis frequently leads to the 
production of hydrolysates having a bitter taste which 
militates against their use for nutritional purposes. 
20 Various attempts have been made to overcome this 

problem in the past, and several studies have been 
made in an effort to ascertain the cause of bitterness 
and to provide methods of avoiding, or overcoming it. 
JP 75-69100 employs cyclodextrin to remove 
25 bitterness of products obtained by hydro ly sing casein 
with pepsin. US 4130555 discloses the use of ion- 
exchange chromatography of acid hydrolysed gelatin or 
collagen. 
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EP-A-0014362 discloses the treatment of proteFiF^^^^ 
hydrolysates with a powdered ligneous absorbent 9 
preferably a material obtained by extracting sugars 
from ground carob beans with hot water, and subsequent 
treatment with hydrochloric acid and steam distillation. 
Other approaches have involved the careful limitation 
of the degree of hydrolysis, since the bitterness 
appears to be a property of certain oligopeptides 
obtained as the hydrolysis progresses* For instance. 
GB 1547911 discloses a process in which soy protein is 
hydrolysed under controlled conditions with microbial 
alkaline proteinase until the degreee of hydrolysis 
is from 8 to 15%. 

Another approach has been the use of complex 
15 mixtures of enzymes. For instance, GB 1338936 discloses 

the hydrolysis of an already partially hydrolysed 
protein solution with an exo-enzyne preparation comprising 
of an aqueous horaogenate of kidney tissue* 

It has now been found that, by the use of certain 
20 enzymes from microbial sources, it is possible to 

hydrolyse protein extracts, (animal, vegetable and 
microbial), such that the bitter materials are them- 
selves broken down. Additionally in some instances, 
the further hydrolysis results in the development of 
25 improved and pleasant flavours. 
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According to the present invention, therefore, 
there is provided a method for flavour control of 
a protein hydrolysate which comprises selecting a 
proteinacious feedstock, subjecting said feedstock 
to a primary enzymatic hydrolysis with a proteinase 
to produce a primary hydrolysate including bittering 
substances, 

Characterised by subjecting said primary hydrolysate 
to a secondary enzymatic hydrolysis with an extract 
containing amino-peptidase enzymes, said secondary 
enzymatic hydrolysis acting to convert said bittering 
substances at least to flavour-neutral substances. 

The enzymes which are employed may be derived 
for example, from Streptococcus 1 act is (NCDO 712) 
in the manner described by Law and Wigmore in Journal 
of Dairy Research (1983), 50, 519-525- 

This provides a source of peptidase enzymes (referred 
to later in this document simply as "aminopeptidase" ) 
which are preferably used in conjunction with proteinase 
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enzymes e.g. from strains of Bacillus* to produce the 
initial hydrolysis of the proteins. These two types 
of enzyme can be used sequentially or simultaneously. 

A wide variety of proteins and protein extracts 
can be hydrolysed in this way to give products exhibiting 
no bitterness and, in some instances, exhibiting a 
desirable flavour. For instance, both soy protein 
and gluten can be further hydrolysed to remove the 
bitter flavour and produce a meaty flavour. 

Casein suspended in water has itself an insipid 
flavour but develops on primary hydrolysis an intense 
bitterness. Secondary hydrolysis by the process of the 
invention provides a product having a distinct cheddar cheese flavour. 
Other protein extracts which can be hydrolysed 
15 by the process of the invention are, for example, 

haemoglobin, yeast extract, whey protein, cereal and 
bean proteins, potato extract, and microbial protein 
e.g. Pruteen (Registered Trade Mark). 

The process of the invention is conveniently 
20 carried out in aqueous conditions at temperatures from 

lO and 50°C, more preferably from 25 to 45°C. 

The pH of the reaction is conveniently from 5 to 
9.5. To produce a mildly flavoured or bland product a 
pH of between 7 and 9 is required and more preferably 
25 from 7.5 to 8.5. For a strongly flavoured product the 

reaction is carried out in the pH range 5 to 6.5, and 
more preferably from pH 5.3 to 5.8. 
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It is convenient to use from 0.03 to 5.0 amino- 
peptidase units. When using casein, it is convenient 
to use 0.3 to 5.0 and more preferably 1.0 to 2.5 amino- 
peptidase units per gram of protein. One arai nopeptidase 
enzyme unit is defined as that amount of enzyme which, 
when used to hydrolyse a 0.6 mM solution of L-leucine 
p-nitroan1l1de at pH 7 and 30"C produces product at 
a rate of one jimole per minute. 

The use of 1.72 ami nopeptidase units per gram 
of protein at 32»C leads to the development of a pleasant 
cheese flavour In a period of 2.5 to 3.5 hours, when 
a partially hydrolysed casein or casein containing 
material is used as substrate. 

The products of the hydrolysis of the present 
invention can be adjusted therefore to produce a pleasant 
Cheddar cheese flavour. m a particularly preferred 
embodiment the feedstock is casein and the ami nopeptidase 
Is derived from Streptococcus lactls. In one embodiment 
of the invention this flavour may be modified to produce 
other cheese flavours such as parmesan or other blue- 
cheese flavours. To this end a product of the invention 
is further incubated with a source of comestible fat 
and a lipase enzyme. 

The following examples illustrate specific 
embodiments of the invention. 

Freeze dried extracts of the disrupted cells 
of cultivated strains of the bacterium Streptococcus 
prepared in a manner as described by Law and Wigmore 
(see above), were used as aminopeptidase source. 
This preparation typically had an enzyme activity 
of around 13 units per gram of powder. 
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The degree of protein hydrolysis is defined as 
the number of peptide bonds cleaved, compared to the 
total number of bonds present in the protein.* The 
procedure is based on the reaction of TNBS 
(trinitrobenzene sulphonic acid), with the free amino 
groups formed by the cleavage of peptide bonds. The 
method of Mokrasch (1967) in Analytical Biochemistry, 
18, 64-71, was employed in which the absorbance of the 
coloured TNBS derivatives are measured at 420 nm. 
The degree of hydrolysis (DH) is given byt 

DH(%) * At-A° X 1O0 
Aoo-A° 

Where A° is the absorbance (A420) of the native protein, 
Aoo is the absorbance of the acid hydrolysed protein 
and At is the absorbance of the partially hydrolysed 
protein at time (t) after the addition of the enzyme. 



Example 1 

A 10% w/v suspension of casein was made in 
distilled water and adjusted to pH 7.5. Neutral 
proteinase enzyme was added to give a final concen- 
tration of O.0O15 Anson units/ml and the mixture was 
incubated for 120 minutes at 32°C in an 

incubator. At the end of this period the material 
was tested and found to have an unpleasant, strongly 
bitter taste. The material was analysed for the degree 
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of hydrolysis achieved, which was found to be 
approximately 7%. 

The suspension was then acidified to pH 5.5. 
0.172 aminopeptidase units per al of the preparation were 
added and the mixture was reincubated at 32°C. The mixture nay be 
stirred to ensure even distribution of the enzyme if desired. After 
0.5 hours the intensity of bitterness began to decrease and after 3 
hours it had completely disappeared, at which point the degree of 
hydrolysis was estimated to be 14X. The resultant hydrolysate had 
concomitantly developed an attractive taste, similar in flavour to 
Cheddar cheese, and a creamy texture. 

The conditions for the development of an attractive 
cheese flavour were determined by varying the length of 
hydrolysis with neutral proteinase/and or aminopeptidase. 
The most pleasant cheese flavours were produced after 
1.5 to 3 hours incubation with neutral proteinase followed 
by 2.5 to 3.5 hours incubation with aminopeptidase. This 
corresponded to a level of hydrolysis of between 9 and 
20%. With shorter incubation times some bitterness 
remained whereas longer incubation times lead to the 
production of Meaty or off-flavours. 

The results obtained are shown in Table 1 and 
illustrated graphically in Figure 1 of the accompanying 
drawings, in which the degree of hydrolysis is plotted 
against the hydrolysis time (in hours). 
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TABLE 1 

The effect of incubation time with neutral proteinase and 
amxnopeptxdase on the degree of hydrolysis and production 
of cheese flavours from casein. 



Duration 
of first 
hydrolysis 
by neutral 
proteinase 
(hours) 



Degree of hydrolysis and flavour 

Duration of second hydrolysis by 
aninopeptidase (hours) 



0.5 



2.1 
b 



3.7 

be s 



6.6 

be 



5.8 

c 



5.4 

c 



7.7 

C 



1.5 



6.4 7.4 8.0 9.3 8.2 13.0 
b be be C C Co 



7.8 7.0 8.7 10.5 11.2 14.2 
B be be Co Co Co 



5/6 



10.9 8.8 10.9 13.7 14.8 17.6 

B be DC C Co O 

11.3 10.7 12.4 14.0 13.3 20.2 

B be be C CO O 



Key., 

B - very bitter 

b - slightly bitter 

C - strong cheese flavour 

c - mild cheese flavour 

O - strong off-meaty flavour 

o - nild off-meaty flavour 
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Example 2 

The sane conditions and procedure as outlined in 
Example 1 were used, except that the second stage of 
hydrolysis using aroinopeptidase was carried out at 
pH 7.O. The bitterness which had developed after 
hydrolysis with the proteinase was again dispelled 
by the action of the aninopeptidase. Subsequent to 
debittering the protein was bland, and after further 
hydrolysis a meaty flavour developed. 

The optimum conditions for the development of a 
bland non-bitter product and for the development of an 
attractive meaty flavour were determined by varying the 
length of hydrolysis with the neutral proteinase and/or 
the aminopeptidase. 

An acceptable non-bitter product, with a bland 
taste was produced after 1.5 to 4.5 hours incubation 
with neutral proteinase followed by 1 to 2 hours incubation 
with aminopeptidase. This corresponded to a level of 
hydrolysis of between 9 and 14%. Longer incubation 
times led to the production of a meaty flavour. The 
most pleasant meaty flavours were produced after 1.5 
to 4.5 hours incubation with the neutral proteinase 
followed by 3 to 6 hours incubation with aminopeptidase. 
This corresponds to a level of hydrolysis of between 
13 and 20%. The results obtained are shown in Table 2. 
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TABLE 2 

The effect of incubation time with neutral proteinase and 
amxnopeptidase on the degree of hydrolysis and production 
of meat flavours from casein. 



Duration 
of first 
hydrolysis 
by neutral 
proteinase 
(hours) 



Degree of hydrolysis and flavour 

Duration of second hydrolysis by 
aminopeptidase (hours) 



1.5 



6.7 

b 



7.8 
b 



9.0 
bl 



9.8 11.2 12.4 13.9 



bl/i 



m 



m 



2.5 



9.2 
B 



9.8 10.7 11.1 12.8 13.7 14.9 



bl 



bl/i 



M 



M 



3.5 



9.9 10.4 11.7 14.3 15.0 16.1 16.7 
B bl bl/m m M M M 



4.5 



10.2 11.2 12.6 13.7 15.3 16.9 17.6 
B bl bl/m m M M M 



11.1 12.4 13.6 14.5 16.4 17.8 18.9 
B bl bl/m m H M M 



B - bitter 
b - slightly bitter 
bl - bland 
s - bland/slightly meaty 
m - meaty' 
M - very meaty 



io 



15 



20 
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Example 3 

The same conditions and procedures as described 
in Example 1 were used but in this case, milk, skimmed 
milk, and milk powder were substituted for casein. The 
initial hydrolysate produced by the action of the proteinase 
was slightly bitter. Ihis bitterness was removed by the 
action of the peptidase, and a mild cheese flavour 
developed. 

Example 4 

Production of cheese flavours by simultaneous 
hydrolysis of casein with neutral proteinase and amino- 
peptidase. 

A 10% (w/v) suspension of casein in distilled water 
was made and adjusted to pH 5.5. Neutral proteinase and 
aminopeotidase were added to give final concentrations of 
O.OOIS Anson units/ml and 0.172 aminopeptidase units/ml 
respectively. The mixture was incubated at 32°C. Samples 
were removed periodically and analysed for cheese flavour 
and degree of hydrolysis. After 1.5 hours the material 
had a pleasant cheese flavour and a creamy texture. At 
this point the degree of hydrolysis was approximately 
12*. The results obtained from this experiment are 
illustrated in Figure 2 of the accompanying drawings. 
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Example 5 

The same procedures as outlined in Example 1 were 
used, but the neutral proteinase used in the first stage 
of the hydrolysis was substituted with a variety of other 
neutral, serine, thiol and acid proteinases. The initial 
hydrolysis was allowed to proceed for 2 hours after which 
all the proteinases had produced bitterness. The casein 
hydrolysates were then treated with aminopeptidase 
according to the standard conditions outlined in Example 1. 
Hydrolysates prepared using all the different endoproteinase, 
could be converted into cheese flavour using the amino- 
peptidase, but the intensity of the cheese flavour produced 



varied. 



Example 6 

The cheese flavour produced from casein as in 
Example 1 is a thick suspension, containing a high proportion 
of insolubles. A highly water soluble, concentrated cheese 
flavour may also be produced. 

Cheese flavour is prepared as in Example 1. The 
resulting suspension is then boiled for 3 to 8 minutes 
and separated by sedimentation or appropriate physical 
means. The supernatant is a clear yellow liquid with a 
strong Cheddar cheese flavour and smell. The remaining 
sediment is a pale cream insoluble material with a bland 
flavours 
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Example 7 

Cheese flavour is produced from casein as in 
Example 1. The Cheddar cheese flavour may then be 
further processed to produce other flavours such as 
parmesan or blue cheese flavours* 

A source of fat (conveniently single cream) is 
added to a 20% (w/v) suspension of cheese flavour at 
a level of 20 to 35% of the final volume. The mixture 
is then treated with a lipase enzyme, conveniently 
obtained from either Candid* cylindracea or porcine 
pancreas. Lipase is added to give a final concentration 
of 0.5 units/ml (one unit will hydrolyse one micro- 
equivalent of fatty acid from olive oil in 30 minutes 
at pH 7.7 at 37°C), and the solution incubated at 32°C 
for 2 to 3 hours. 

Alternatively the fat may be treated with the 
lipase enzyme before adding to a suspension of cheese 
flavour. The cheese flavour may then be blended with 
the lipase treated fat to give the required flavour. 

Example 8 

The same conditions and procedure as outlined in 
Example 1 were used, except that soy protein isolate was 
used in place of casein and the second stage of hydrolysis 
using aminopeptidase was carried out at pH 7.O. Bitterness 
developed after hydrolysis with the proteinase, and was 
again dispelled by the action of the aminopeptidase. 
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Subsequent to debittering a meaty flavour developed* 
The final product had a strong meaty flavour, 
reminiscent of smoked ham* 

The optimum conditions for the development of a 
bland non-bitter product and for the development of 
an attractive meaty flavour were determined by varying 
the length of hydrolysis with the neutral proteinase 
and/or the ami nopep tidase • 

An acceptable non-bitter product, with a very 
mild meaty flavour was produced after 1.5 to 2.5 hours 
incubation with neutral proteinase followed by 1*5 hours 
incubation with ami nopep tidase. This corresponded to a 
level of hydrolysis of between 13 and 17%. Longer 
incubation times led to the production of a strong 
meaty flavour* The most pleasant meaty flavours were 
produced after 1.5 to 4 hours incubation with the neutral 
proteinase followed by 2.5 to 8 hours incubation with 
ami nopep ti dase • This corresponds to a level of hydrolysis 
of between 15 and 23*. The results obtained are shown 
in Table 3* 

When the hydrolysis using aminopeptidase was carried 
out at pH 5.5 the bitterness was again dispelled but over 
a longer time period (3-3.5 hours). Similar meaty 
flavours developed after approximately 5 hours* 
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TABLE 3 

The effect of incubation time with neutral proteinase and 
aminopeptidase on the degree of hydrolysis and production 
of neat flavours from soy protein isolate. 



Duration 
of first 
hydrolysis 
by neutral 
proteinase 
(hours) 



Degree of hydrolysis and flavour 

Duration of second hydrolysis by 
aminopeptidase (hours) 



1.5 



2.5 



3.5 



8 



1.5 



3.9 

b 



13.2 
bs 



13.7 
s 



14.1 
■ 



16.8 
N 



2.5 



6.7 
B 



16.8 
bs 



17.1 
s 



17.2 
M 



18.8 
M 



8.6 
B 



18.4 
b 



19.4 



19.8 
M 



20.9 
M 



10.6 
B 



20.3 
b 



21.3 



21.8 

B 



22.9 
M 



lO 



23.0 



25.7 



B - bitter 

b - slightly bitter 

s - bland/slightly meaty 

m - meaty 

M - very meaty 
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Example 9 

The same conditions and procedure as outlined 
in Example 8 were used, but the dose of aminopeptidase 
was reduced. 

A 1Q% suspension of soy protein isolate was 
treated with neutral proteinase for 2 hours, after which 
a bitter flavour had developed. The soy hydrolysate was 
then treated with aminopeptidase at pH 7.0 at 32°C using 
2* to 50% of the dose used in Example 8 (0.034 to 0.86 
aminopeptidase units/gram protein). At all doses the 
bitterness was eventually dispelled and meaty flavours 
developed. At the lowest dose (0.034 aminopeptidase units/ 
gram protein) a level of hydrolysis (17.356) which 
corresponded to a non-bitter, meaty flavoured product 
was achieved after a 12 hour incubation. Ihe results 
obtained are shown in Table 4. 
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TABLE 4 



tilL'n^h °i d0 *\ 0f ^"opeptidase and incubation 
time on the degree of hydrolysis of soy protein isolate 



Amino- Duration of ami nopeptidase hydrolysis 

peptidase (hours) 
units/ % of 
gran full 



protein 


dose 


2 


5 


8 


12 


30 


1.72 


lOO 


18.8 


24.5 


33.6 


34.6 


52.7 


0.86 


50 


15.9 


23.7 


28.6 


32.0 


37.3 


0.43 


25 


16.7 


18.7 


28.0 


29.6 


35.2 


0.17 


io 


13.5 


17.8 


23.2 


26.4 


33.3 


0.086 


5 


12.6 


14.5 


19.9 


28.8 




0.034 


2 


11.9 


12.2 


17.3 


24.8 
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Example IP 

The same conditions and procedure as outlined 
in Example 1 were used, except that whey protein was 
used in place of casein and the second stage of 
hydrolysis using aminopeptidase was carried out at 
pH 7.O. Bitterness developed after hydrolysis with 
the proteinase, and was again dispelled by the action 
of the aminopeptidase* Subsequent to debit tering a mild 
mushroom flavour developed* 

The optimum conditions for the development of a 
bland non-bitter product and for the development of an 
attractive mushroom flavour were determined by varying 
the length of hydrolysis with the neutral proteinase 
and/or the aminopeptidase* 

An acceptable non-bitter product, with a bland 
slightly milky flavour was obtained after 1.5 to 3*5 
hours incubation with neutral proteinase followed by 
1.5 to 2.5 hours incubation with aminopeptidase. This 
corresponded to a level of hydrolysis of between 8 and 
10%. Longer incubation times led to the production of 
a mild mushroom flavour. The most pleasant mushroom 
flavours were produced after 1.5 to 5 hours incubation 
with the neutral proteinase followed by 2.5 to 8 hours 
incubation nclth aminopeptidase. This corresponds to a 
level of hydrolysis of between 9 and 20%. The results 
obtained are shown in Table 5. 
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TABLE 5 

The effect of incubation time with neutral proteinase and 
aminopeptidase (at pH 7.0) on the degree of hydrolysis and 
production of either a bland or mushroom flavoured product 
from whey protein* 



Duration 
of first 
hydrolysis 
by neutral 
proteinase 
(hours) 



Degree of hydrolysis and flavour 

Duration of second hydrolysis by 
aroinopeptidase (hours) 



1.5 



2.5 



3.5 



8 



1.5 4.5 7.3 

b b/bl 

2.5 5.8 9.1 

B b/bl 

3.5 6.2 9.4 

B b/bl 

5 8.6 11.7 

B b/bl 



8 



8.3 10.9 10.8 

bl Mu Mu 

9.2 11.5 12.2 

bl Mu Mu 

10.3 11.6 12.9 
bl Mu Mu 

11.4 13.6 14.6 
bl Mu Mu 

15.9 19. 0 

Mu Mu 



Kev r 



B - Bitter 

b - slightly bitter 

bl - bland 

Mu - mushroom flavour 
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Example 11 

The same conditions and procedure as outlined 
in Example lO were used, except that the second stage 
of hydrolysis using aminopeptidase was carried out at 
5 pH 5.5. Bitterness was again dispelled by the action 
of the aminopeptidase but over a longer period of time 
than at pH 7.O. Even longer incubation periods led to 
the development of a very mild cheese flavour. 

The optimum conditions for the development of 
lO a bland non-bitter product and for the development of 
a mild cheese flavour were determined by varying the 
length of hydrolysis with the neutral proteinase and/or 
the aminopeptidase. 

An accceptable non-bitter product, with a bland 
15 slightly milky flavour was obtained after 2 to 4.5 hours 
incubation with neutral proteinase followed by 2.5 hours 
incubation with aminopeptidase. This corresponded to a 
level of hydrolysis of between 8 and 1C%. Incubation 
times of 2.5 to 4 hours with aminopeptidase led to the 
production of a mild cheese flavour. This corresponds to 
a level of hydrolysis of between 9 and 12%. Incubation 
times of over 6 hours with aminopeptidase gave a more 
meaty flavour. The results obtained are shown in Table 6. 
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TABLE 6 

The effect of incubation time with neutral proteinase and 
amxnopeptidase (at pH 5.5) on the degree of hydrolysis and 
productxon of either a bland or mildly flavoured product 
from whey protein K 



Duration 
of first 
hydrolysis 
by neutral 
proteinase 



Degree of hydrolysis and flavour 

Duration of second hydrolysis by 
aminopeptidase (hours) 



(hours) 


O 


1.5 


2.5 


4 


6 


8 


2 


4.5 

B 


6.9 
b/bl 


8.6 
b/bl 


9.3 
C 


11.4 

c 




3.5 


5.9 
B 


7.8 

b/bl 


9.6 

b/bl 


10.6 

be 


11.6 
c/« 


12.1 
■ 


4.5 


6.2 
B 


8.2 
b/bl 


10.4 
b/bl 


10.7 
be 


11.7 
c/m 





B - bitter 

b - slightly bitter 

bl - bland 

c - mild cheese flavour 
m • mild meat flavour 
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Example 12 

The same conditions and procedure as outlined 
in Example lO were used, but the dose of aminopeptidase 
was reduced. 

A 10% suspension of whey protein was treated with 
neutral proteinase for 2 hours, after which a bitter 
flavour had developed. The whey hydrolysate was then 
treated with aminopeptidase at pH 7.0 and 32°C using 
2% to 50% of the dose used in Example lO (0.034 to 0.86 
aminopeptidase units/gram protein). At a dose of O.OB 6 
aminopeptidase units/gram protein (20% of the full dose), 
a level of hydrolysis (12.3%) which corresponds to a 
non-bitter, bland product was achieved after an 8 hour 
incubation. A level of hydrolysis corresponding to a 
mushroom flavour (18.4%) was achieved after 30 hours 
incubation with the aminopeptidase. At the lowest dose 
of aminopeptidase tested (0.034 units/gram protein), a 
non-bitter product was achieved after a 30 hour incubation 
(DH 12.6%). The results obtained are shown in Table 7. 
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TABLE 7 



Ume e on^L°L thG Tj" ^"Wtidu. and incubation 
time on the degree of hydrolysis of whey protein 



Amino- Duration of aminopeptidase hydrolysis 

peptidase (hours) 



units/ % of 
gram full 
protein dose 



8 12 30 



1.72 


lOO 


21.5 


23.9 


25.2 


26.8 


33.4 


0.86 


SO 


19.2 


20.3 


23. O 


24.8 


32.7 


0.43 


25 


16.0 


17.7 


19.3 


20.5 


25.5 


0.17 


io 


10.7 


13.7 


14.3 


16.8 


19.1 


O.OB6 


5 


10.5 


11.2 


12.3 


14.3 


18.4 


0.034 


2 


8.4 


8.8 


9.1 


11. O 


12.6 
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Example 13 

A process for the enzymatic hydrolysis of whey 
protein resulting in a soluble peptides having a size 
distribution of 2 to 15 amino acid residues with a 
high nutritional value and an acceptable flavour. 

The same conditions as outlined in Example lO 
were used. The initial hydrolysis by neutral protease 
was terminated after 2 hours by heating. Aminopeptidase 
was added (1.72 aminopeptidase units/gram protein) and 
the hydrolysis allowed to continue for a further 3 hours. 
Alternatively a lower dose of aminopeptidase may be 
used (O.OS6 aminopeptidase units/gram protein) and the 
incubation continued for 12 hours. In each case the 
final level of hydrolysis was approximately 1«. 

The whey protein hydrolysate was then heated to 
65°C for 5 minutes and centrifuged to remove the 
insoluble material. 

The peptide size distribution of the soluble 
fraction was determined by fast atom bombardment mass 
spectrometry. This technique showed the presence of 
peptides in the size range 350 to HOO Dal tons. 
Polyacrylamide gel electrophoresis (containing sodium 
dodecyl sulphate) showed the absence of appreciable 
protein or larger peptides. 
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Example 14 

The same conditions and procedure as outlined 
in Example 1 were used, except that wheat gluten was 
used in place of casein. For the initial stage of 
hydrolysis a higher proteinase level was used* of 
O.OIS Anson units/ml. The second stage of hydrolysis 
using aminopeptidase was carried out at pH 7.O. 
Bitterness developed after hydrolysis with the 
proteinase, and was again dispelled by the action of 
the aminopeptidase. Subsequent to debit tering a meaty 
flavour developed. The final product had a beef like 
flavour. 

The optimum conditions for the development of an 
attractive beef like flavour were determined by varying 
the length of hydrolysis with the neutral proteinase 
and/or the aminopeptidase. 

An acceptable non-bitter product, with a mild 
meaty flavour was produced after O.S to l.O hours incubation 
with neutral proteinase followed by a 1 to 5 hour incubation 
with aminopeptidase. This corresponded to a level of 
hydrolysis of between 20 and 26%. Longer incubation times 
led to the production of a strong meaty, beef like flavour. 
The most pleasant meaty flavours were produced after 2 to 
3 hours incubation with the neutral proteinase followed 
by 3 to 5 hours incubation with aminopeptidase. This 
corresponds to a level of hydrolysis of approximately 
28%. The results obtained are shown in Table 8. 
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TABLE 8 

The effect of incubation time with neutral proteinase and 
aminopeptidase on the degree of hydrolysis and production 
of meat flavours from wheat gluten 



Duration Degree of hydrolysis and flavour 

. fi f St . Duration of second hydrolysis by aminopeptidase 

proteinase 

(hours) O 1 2 3 5 



0.5 14.3 20.5 22. 0 24.1 26.3 

b m m m m 

1 16.6 21.8 23.9 25.7 26.8 

B m m ra M 

2 20.3 22.7 24.0 27.2 27.8 

B bm m M M 

3 21.6 24.0 24.9 27.6 29.1 

B bm bm bm M 

4 22.9 26.3 26.5 28.4 29.4 

B bm bm bm bm 



Key : 

B - bitter 

b - slightly bitter 

s - bland/slightly meaty 

m - meaty 

M - very meaty 
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Examples 15 r 1 6 T i? f i 8 and 1Q 

The same conditions and procedures were used as 
described above, but the following protein containing 
materials were used in place of the defined proteins 
abovei maize zein, pruteen (R1M)| blood (haemoglobin), 
instant potato mix, yeast extract, (these latter two 
products were consumer food products and the haemoglobin 
was the substrate used to assay the neutral proteinase 
enzyme). Protein hydrolysates had a reduced intensity 
of bitterness when compared to the other examples, but 
this too completely disappeared when hydrolysis was 
continued using the aminopeptidase enzyme preparation. 
The final tastes of the hydrolysates were similar to 
those of the unhydrolysed starting materials, but more 
15 pronounced. 



lO 



CLAIMS: 
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1. A method for flavour control of a protein 
hydrolysate which comprises selecting a proteinacious 
feedstock, subjecting said feedstock to a primary 
enzymatic hydrolysis with a proteinase to produce 
a primary hydrolysate including bittering substances; 
Characterised by subjecting said primary hydrolysate 
to a secondary enzymatic hydrolysis with an extract 
containing ami nopeptidase enzymes said secondary enzymatic 
hydrolysis acting to convert said bittering substances 
at least to flavour-neutral substances. 

2. A method according to Claim 1 characterised 
in that the first and second hydrolyses are conducted 
substantially simultaneously and in that the hydrolysis 
conditions are adjusted to provide a desired cheese 
or meat flavour. 



3. A method according to Claim 1 characterised 
in that the primary and secondary hydrolyses are conducted 
sequentially and in that the hydrolysis conditions 
are adjusted to provide a desired cheese or meat flavour. 

4. A method according to any preceding Claim 
characterised in that the proteinase is an endo-proteinase 
and/or in that the aminopeptidase is derived from 
Streptococcus lactis . 

5. A method according to any preceding Claim 
characterised in that the feedstock is selected from 
soya and other bean proteins, gluten, whey protein, 
casein, haemoglobin, yeast extract, cereal proteins, 
milk, milk powder, skimmed milk, potato extracts and 
microbial derived proteins. 
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6. A method according to Claims 1, 2 or 3 
characterized in that the feedstock is casein and 
the ami nopeptidase is derived from Steptococcus lactis . 

5 7. A method according to any preceding Claim 

characterized in that the primary and secondary hydrolyses 
are effected in aqueous solution at a temperature 
between 10 and 50°C, at a pH of 5 to 9.5, utilising 
0.03 to 5 ami nopeptidase units per gram of feedstock 

10 in the secondary hydrolysis. 

8. A method according to any preceding Claim 
characterized in that the product thereof is further 
incubated with lipase and a source of comestible fat. 

15 
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